Identification of V max : Velocity prominence method 'Traditional' methods for identification of average replication or transcription rates in the absence pauses (V max ) rely on velocity histograms, which typically show bimodal distributions of velocities corresponding to pause and moving states. These velocity distribution methods identify V max properly when moving and pauses states are sufficiently different in other words, they are useful for the analysis of activity runs characterized by fast moving rates and long and well defined pause states (references 21, 24 and 31 in the main text). For example, Figure S4A shows that analysis of relatively fast activities of Phi29
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Supplementary Materials and Methods
Identification of V max : Velocity prominence method 'Traditional' methods for identification of average replication or transcription rates in the absence pauses (V max ) rely on velocity histograms, which typically show bimodal distributions of velocities corresponding to pause and moving states. These velocity distribution methods identify V max properly when moving and pauses states are sufficiently different in other words, they are useful for the analysis of activity runs characterized by fast moving rates and long and well defined pause states (references 21, 24 and 31 in the main text). For example, Figure S4A shows that analysis of relatively fast activities of Phi29
DNAp (average rate of ~50 nt s -1 ) with the velocity distribution method showed bimodal velocity distributions separating clearly moving from pauses states.
However, for slower DNA polymerases, such as Pol which presents average rates up to ten times slower than Phi29 DNAp (5-10 nt s -1 , Figure S4A , right panel and Figure S5 ), thermal fluctuations complicate the interpretation of velocity histograms, preventing correct identification of pause and moving states. We describe here a new method to extract V max from molecular motor trajectories presenting slow average moving rates. The method involves computing the instantaneous velocities of the trajectory, using the average change in template position of the enzyme during sliding time windows (). The instantaneous velocities of a typical activity present regions where the enzyme is paused, so the instantaneous velocity oscillates close to 0 nt s -1 and regions where the polymerase actively replicates the DNA, characterized by instantaneous velocity peaks significantly higher than 0 nt s -1 ( Figure S4B , left panel). For each time window, , instantaneous velocity peaks greater than surrounding values by a characteristic amount, P, were averaged in order to calculate the mean peak velocity, V Peak,Mean. The value of P defines the prominence of each peak over the nearest values and it can be used to identify V max . To this end, we plotted the mean peak velocity, V Peak,Mean , as a function of for different values of P. Figure 4B (right panel) shows that for prominence values P ~6-10 nt s -1 (see below), V Peak,Mean presents three well-defined regions when it is plotted as a function :
3 1) For < 0.5-1 s, V Peak,Mean depends strongly on the size of the time averaging window, . At these short time scales, fast distance changes occur with time and thus the derivative of the distance versus time, or instantaneous replication rate, is very large. This indicates that for these small values of  there is a large effect of thermal and experimental noise on the calculation of the instantaneous replication rate. As increases the effects of noise are average out.
2) Interestingly, for > 0.5-1 s there is a particular range of window sizes at which V Peak,Mean is independent of the window size. This range, which is indicated by an horizontal line in Figure S4B (right panel), does not contain the characteristic noise of smaller time windows and does not average together pause and moving events, as found for larger time windows (see below). Then, V Peak,Mean at this range provides a close approximation to the value of the maximum replication rate, V max (for P= 9 nt s -1 error is ~13 %, see below). This region was well defined in all traces under all experimental conditions considered.
3) Longer sliding time windows, typically> 5 s, begin to inevitably include the shortest pause events leading to an initial slow decrease in V Peak,Mean , which is followed by a sudden fall to the mean velocity, as longer pauses are included in the averaging window.
We found that prominence values P= 6-10 nt s -1 (depending on the particular experimental conditions of each activity) were optimum to identify V max or in other words, to identify the value of V Peak,Mean that does not change with the window size in our experimental traces. We note that P= 9 nt s ) with the velocity prominence method described above, provided
V max values consistent within error to those obtained using the velocity distribution method, Figure S4C (left panel). Therefore, both methods are equally suited to determine V max for fast replicating enzymes. However, analysis of slower DNA replication traces, such those characteristics of Pol ( Figure   S4C , right panel), with the velocity distribution method rendered worse estimations of V max , with values similar to the average velocity and significantly smaller than those calculated with the velocity prominence method described above.
Validation of the velocity prominence method for V max identification
We checked the validity of the new method on simulated replication traces ( Figure S4D ). Simulated replication activities were generated using parameters that mimic those found in experimental traces ( , Figure S5A ). Experimental noise was simulated with a Gaussian position noise of 10 nt width (without temporal correlation).
For comparison, simulated traces were also analyzed with the velocity distribution method, in which velocity distributions were determined from the histogram of the instantaneous replication rate using a bin of 1 nt s
The results of these analyses are shown in Table S1 . well (n= 1) the decay of the replication rate with tensions higher than 4-6 pN.
However, when the model was used to fit entire data sets (entire force-velocity plots starting at 0 pN) values of n >1 were required to explain the data (n=2 for T7DNAp and n=4 for Klenow DNAp). In fact, fits with this model to the entire force-velocity dependence of Pol rendered n=6. Because only one nucleotide is added in each nucleotide incorporation cycle, these results imply that n-1 bases have to revert to ss geometry during every nucleotide incorporation step. This is a controversial result that would have major implications for the mechanisms of DNA replication and it is not supported by previous structural and bulk kinetic studies.
Consequently, alternative models such as the Local Model and its variations (the Restricted-Cone Local Model and the Minimalist Two Segment Model)
have been proposed to interpret the force-velocity dependencies (references 23, 26, 47-49, main text) . In these models, the tension dependence of the activation enthalpy is governed by only the two DNA segments neighboring the active site of the polymerase. These models explained well (n=1) the forcedependent DNA replication rates of T7 and Klenow DNA polymerases and also, the behavior of Polmeasured in this work. However, they did not explain the force-velocity dependence of other polymerases like HIV-RT and Phi29 DNAp.
In addition, these models make crude assumptions about the DNA-polymerase interactions and the nature of the rate-limiting step:
1. They assume that the force dependent rate-limiting step of the reaction is related with the structural transition of the fingers subdomain of the polymerase from the open to the closed states. This step, in turn, is assumed to be associated with the translocation of the polymerase to the next position.
However, it has been shown that the fingers movement is subjected to fast fluctuation kinetics and it is not rate-limiting in the reaction. In addition, it has been demonstrated that the translocation step is driven by thermal fluctuations, and it is not directly linked to the conformational changes of the fingers (reference 44, main text).
2.
The models assume that structural constrains are only significant for the The Local Model offers a heuristic perspective on force-dependent DNA replication rates. However, for the above reasons, it seems unlikely that the structural constrains of the two template nucleotides at the active site are the only, or the main, factor contributing to the force-dependent enthalpy of activation. Here, we present an alternative model that is based on measurable experimental observations; such as quantification of secondary structure and, it fits well the entire data set with a kinetic step size of n= 1 nt, in full agreement with previous biochemical and structural observations. The models considers that the secondary structure of the template is the main factor modulating the instantaneous replication rate at low forces (<6 pN); the initial increase of the replication rate is due mainly to disruption of the template secondary structure by tension. Above 6pN, in the absence of secondary structure, the decrease of Color code is the same for the two figures.
Model 1 (blue dotted line): For each nucleotide incorporation reaction (= 1), the replication rate, k(f), is modulated directly by the work to convert at each tension (f) one nucleotide bound to SSB, x SSB (f), to its dsDNA form, x dsDNA (f), and by a tension induced conformational change on SSB-DNA complex (f*d).
A) B)
Model 2 (orange dotted line): Similarly to model 1, the replication rate is modulated by the work to convert one SSB nucleotide to dsDNA however, in this case, the tension induced conformational change on SSB-DNA complex only decreases the replication rate when there is a low probability of interaction,
, between the polymerase and SSB.
Model 3 (purple dotted line): Similar to the model reported in the main text, the replication rate is modulated by the work to convert a SSB-wrapped nucleotide to its double-stranded DNA form, by the probability to establish functional interactions between the polymerase and SSB P int (f); and by a fixed energy barrier to dislodge SSB, ΔG SSB = 0.58 k B T.
Model 4 (brown dotted line): Rate is modulated directly by the work to convert n nucleotides wrapped around an SSB tetramer to one dsDNA base-pair. After each replication step, n-1 nucleotides would revert to the SSB-bound form.
Best fits to all the data presented in this work were obtained with the model reported in the main text, showed with green (A) and black (B) continuous lines.
Below are the expressions for V max corresponding to each model.
Model 1:
Model 2:
Model 3:
Model 4: 
